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6RPHH[LVWLQJVWXGLHVVKRZWKDWFUDFNJURZWKUDWH LVSURPRWHG LQ WKHVHYHUHO\FRUURVLYHHQYLURQPHQW >@6XFK
HQKDQFHPHQWLVDWWULEXWHGWRWKHGHFUHDVHRIPHFKDQLFDOSURSHUW\FDXVHGE\FKHPLFDOGDPDJHHJR[\JHQFRUURVLRQ
>@DQGK\GURJHQHPEULWWOHPHQW>@7KHFRUURVLYHGDPDJHDOZD\VRULJLQDWHVIURPJUDLQERXQGDU\RQWKHVXUIDFH>@
7KHQLWLVIROORZHGE\LQWHUJUDQXODUFRUURVLRQ>@7KLVFRUURVLRQEHKDYLRULVYHU\FRPPRQ+RZHYHUWKHRULJLQRI
LQWHUJUDQXODUFRUURVLRQVWLOOUHPDLQVXQFOHDUDWWKHDWRPLFOHYHO
7KHFRUURVLRQEHKDYLRULVUHODWHGWRWKHFKHPLFDOFRPSRVLWLRQRIPHGLXPRUDOOR\>@PLFURVWUXFWXUHRIDOOR\
>@HWF,QWKLVZRUNZHVWXG\WKHHDUO\VWDJHRIR[\JHQFRUURVLRQRQSRO\FU\VWDOOLQHPHWDOVXUIDFHXVLQJUHDFWLYH
PROHFXODU G\QDPLF VLPXODWLRQ0DWHULDOV IRU SUHVVXUH YHVVHO LQFOXGH VWHHO 7L &X DQG WKHLU DOOR\V >@ HWF
+HUHLQZHFKRRVHFRSSHUIRUWKHVLPXODWLRQ:HVKRZWKHGLIIXVLRQDQGGLVVRFLDWLRQEHKDYLRUVRIR[\JHQPROHFXOHV
DUHGLVWLQFWDWJUDLQERXQGDU\ZKHUHWKHDWRPLFVWUXFWXUHLVPXFKGLIIHUHQWIURPJUDLQRQWKHVXEVWUDWHVXUIDFH7KH
VWXG\RIVWUXFWXUHGHSHQGHGUHDFWLYLW\SURYLGHVXVXVHIXOLQIRUPDWLRQIRUWKHFRUURVLRQSUHYHQWLRQHVSHFLDOO\LQWKH
VLWXDWLRQWKDWWKHDWRPLFVWUXFWXUHFKDQJHVXQGHUWKHPHFKDQLFDOORDGLQJV
&RPSXWDWLRQDOGHWDLOV
$ VLPXODWLRQ ER[ RI SRO\FU\VWDOOLQH FRSSHU ZDV FRQVWUXFWHG ZLWK WKH GRPDLQ VL]H RI  î  î  c 7KH
WKLFNQHVVRIFRSSHUVXEVWUDWHZDVcZLWKWZRcYDFXXPVODERQHDFKVLGHRIWKHVXEVWUDWH7KHSRO\FU\VWDOOLQH
FRSSHU VWUXFWXUH VKRZQ LQ )LJ D ZDV JHQHUDWHG XVLQJ 9RURQRL WHVVHOODWLRQ ZKLFK KDV EHHQ ZLGHO\ XVHG LQ
FRPSXWDWLRQDOJHRPHWU\ >@7KHJUDLQERXQGDU\ LV DOPRVWPDUNHGZLWKDJUHHQFRORU$OO WKH VLPXODWLRQVZHUH
GRQHXVLQJWKHUHDFWLYHIRUFHILHOG5HD[))GHYHORSHGE\YDQ'XLQHWDO>@7KH5HD[))LQWHJUDWHGLQ/$0036
FRGHZDV FKRVH GXH WR LWV FDSDELOLW\ WR GHVFULEH FKHPLFDO UHDFWLRQV$QG LW KDV EHHQ DSSOLHG VXFFHVVIXOO\ LQ WKH
PROHFXODUG\QDPLFVVLPXODWLRQRIWKHLQLWLDOR[LGDWLRQLQWKHLQWHUDFWLRQV\VWHPVVXFKDV&X2>@1L+2>@
)H2 >@ 3ULRU WR WKH VWDUW RI VLPXODWLRQV WKH SRO\FU\VWDOOLQH VWUXFWXUH ZDV UHOD[HG ZLWK  SLFRVHFRQGV RI
HTXLOLEUDWLQJ DW . DQG SLFRVHFRQGV RI HTXLOLEUDWLQJ DW .:HSHUIRUPHG0'VLPXODWLRQVRI R[LGDWLRQ
EHKDYLRURQFRSSHUVXUIDFHE\R[\JHQPROHFXOHVZLWKWKHR[\JHQH[SRVXUHWLPHDERXWSVDW.,QWKHZKROH
VLPXODWLRQSURFHVVZHNHSWWKHQXPEHURIR[\JHQPROHFXOHVFRQVWDQWWRSUHYHQWWKHKLJKSUHVVXUHLQWKHYDFXXP
OD\HU $OO WKH VLPXODWLRQV ZHUH FDUULHG RXW XVLQJ &DQRQLFDO 197 HQVHPEOH ZLWK 1RVH+RRYHU WKHUPRVWDW
WHFKQLTXHHPSOR\HGIRUWHPSHUDWXUHFRQWURO7KHYHORFLWLHVDQGSRVLWLRQVZHUHXSGDWHGZLWKDWLPHVWHSRIIV
3HULRGLF ERXQGDU\ FRQGLWLRQVZHUH XVHG LQ [ \ GLUHFWLRQV DQG IL[HG ERXQGDU\ FRQGLWLRQVZHUH LPSRVHG DORQJ ]
GLUHFWLRQ ,Q DGGLWLRQ UHIOHFWLQJ ERXQGDU\ FRQGLWLRQV ZHUH DGGHG WR DYRLG ORVLQJ DWRPV LQ WKH XSSHU OLPLW RI
VLPXODWLRQER[HV
5HVXOWVDQGGLVFXVVLRQ
,Q)LJVQDSVKRWVIURP0'VLPXODWLRQVRIWKHR[LGDWLRQUHDFWLRQEHWZHHQR[\JHQDQGSRO\FU\VWDOOLQHFRSSHU
DUH VKRZQ $GVRUSWLRQ GLIIXVLRQ DQG GLVVRFLDWLRQ RI R[\JHQ PROHFXOHV RQ FRSSHU VXEVWUDWH IURP H[SHULPHQWDO
ILQGLQJV >@ DUH REVHUYHG LQ RXU VLPXODWLRQV $W a SV WKH GLVVRFLDWLRQ SURFHVV RFFXUV LQLWLDOO\ DW JUDLQ
ERXQGDU\ZLWKDUDQGRPGLVWULEXWLRQRIDGVRUEHGR[\JHQPROHFXOHVRQVXUIDFHVKRZQLQ)LJE7KHGLVVRFLDWHG
R[\JHQDWRPVDUHLQGLFDWHGZLWKZKLWHDUURZV+RZHYHULQWKLVSHULRGQRVLJQIRUGLVVRFLDWLRQEHKDYLRULVREVHUYHG
DWRWKHUVLWHV6XEVHTXHQWO\FRQWLQXRXVLQFRUSRUDWLRQRIGLVVRFLDWHGR[\JHQDWRPVLVSUHVHQWDWJUDLQERXQGDU\DV
VKRZQLQ)LJF7KHDFFXPXODWLRQRIR[\JHQDWRPVDWJUDLQERXQGDU\LVLQGLFDWHGZLWKZKLWHFLUFOHLQ)LJG
,W LV LQWHUHVWLQJ WRQRWH WKDWDW WKHHQGRIVLPXODWLRQV WKHGLVWULEXWLRQRIGLVVRFLDWHGDWRPV LVQRWXQLIRUPRQ WKH
VXEVWUDWHVXUIDFHDQGDSSUR[LPDWHSHUFHQWVWD\VDORQJWKHJUDLQERXQGDU\7KHGLVVRFLDWLRQEHKDYLRURIR[\JHQ
PROHFXOHV DSSHDUVPXFKPRUH DFWLYH DW JUDLQ ERXQGDU\ %HVLGHV LW LV LQWHUHVWLQJ WR ILQG WKDW R[\JHQPROHFXOHV
PDUNHGZLWKZKLWHUHFWDQJXODUER[FDQEHHDVLO\FDSWXUHGE\ LQWHUJUDQXODUDWRPVDV WKH\PRYHDFURVV WKHJUDLQ
ERXQGDU\7KLVLQGLFDWHVDSRRUGLIIXVLELOLW\RIR[\JHQDWWKHJUDLQLQWHUIDFH7KXVWKHGLIIHUHQFHLQGLIIXVLRQDQG
GLVVRFLDWLRQHQHUJ\RIR[\JHQPROHFXOHVRQVXEVWUDWHVXUIDFHQHHGVWREHDGGUHVVHG
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
)LJ6QDSVKRWVD,GHQWLILHGJUDLQDQGJUDLQERXQGDU\FRORUHGE\DWRPLFSRWHQWLDOHQHUJ\
EF7RSYLHZRIR[LGL]HGSRO\FU\VWDOOLQHFRSSHUDWDERXWSVDQGSVG7RSYLHZ
RIVQDSVKRWFDIWHUUHPRYLQJDGVRUEHGR[\JHQPROHFXOHVDQGFOHDUO\WKH2GLVVRFLDWLRQ
RFFXUVDORQJWKHJUDLQERXQGDU\

)LJ7KHGLIIXVLRQHQHUJ\RIVLQJOHR[\JHQPROHFXOHDFURVVWKHJUDLQERXQGDU\ZLWKFHUWDLQ
VLWHV ODEHOHGDV DH LQERWWRPSDQHOV$ UHIHUHQFHYDOXHRI V\VWHPHQHUJ\VHOHFWHGDV WKH
R[\JHQPROHFXOHDGVRUEHGDWJUDLQERXQGDU\F2LVDERXWcIURPWKHJUDLQERXQGDU\DW
EDQGGcIURPWKHJUDLQERXQGDU\DWDDQGH
%HIRUHWKHGHWHUPLQDWLRQRIGLIIXVLRQHQHUJ\ZHQHHGWRH[DPLQHWKHDGVRUSWLRQHQHUJ\RIR[\JHQPROHFXOHRQ
FRSSHUVXEVWUDWH<XDQHWDO>@UHSRUWHGWKDWWKH2DGVRUSWLRQHQHUJLHVIRUWKHPRVWVWDEOHFRQILJXUDWLRQVRQ&X
FOXVWHUVDUHIURPH9WRH9FDOFXODWHGE\ILUVWSULQFLSOHV=KDRHWDO>@FDOFXODWHGWKDWDGVRUSWLRQHQHUJLHVRI
2RQVLQJOHFU\VWDOFRSSHUDUHEHWZHHQH9DQGH9,QWHUPVRIWKHH[LVWLQJFDOFXODWLRQPHWKRG>@RXU
FDOFXODWHG2DGVRUSWLRQHQHUJLHVRQJUDLQVXUIDFH>)LJG@DQGDWJUDLQLQWHUIDFH>)LJF@DUHDERXWH9
DQG H9 UHVSHFWLYHO\ *RRG DJUHHPHQW EHWZHHQ RXU FDOFXODWLRQ DQG WKH H[LVWLQJ FDOFXODWLRQV LV DFKLHYHG
DFFRUGLQJO\7KHGLIIXVLRQHQHUJ\LVJHQHUDOO\GHWHUPLQHGE\WKHFKDQJHRIV\VWHPSRWHQWLDOHQHUJ\LQWKHGLIIXVLRQ
SDWK >@$FFRUGLQJO\ZH FDOFXODWH WKH V\VWHPSRWHQWLDO HQHUJLHVZLWK D VLQJOHR[\JHQPROHFXOH DGVRUEHG DWRU
QHDUJUDLQLQWHUIDFHDORQJWKHFHUWDLQGLIIXVLRQSDWK7KHDFWLYHHQHUJLHVIRUGLIIXVLRQRIR[\JHQPROHFXOHDFURVVWKH
JUDLQERXQGDU\DUHREWDLQHGVKRZQLQ)LJ7KHUHVXOWV LQGLFDWH WKDW WKH2GLIIXVLRQEDUULHUVDUHH9RQ
1187 Y.-T. Zheng et al. /  Procedia Engineering  130 ( 2015 )  1184 – 1189 
JUDLQVXUIDFH+RZHYHUDW WKHJUDLQ LQWHUIDFH WKHHQHUJ\EDUULHU LV UHODWLYHO\YHU\KLJKZLWKDERXWH9,Q WKLV
FDVH LW LV LQIHUUHG WKDWKXJHSRWHQWLDOZHOOVH[LVWDORQJ WKHJUDLQERXQGDU\$QG WKHR[\JHQPROHFXOHFDQKDUGO\
HVFDSHRQFHLWJHWVLQWRWKRVHSRWHQWLDOZHOOV6XFKWUDSSLQJHIIHFWFRXOGHQKDQFHWKHSUREDELOLW\RI2GLVVRFLDWLRQ
DWJUDLQERXQGDU\E\SUHYHQWLQJR[\JHQPROHFXOHVPRYLQJRXWZDUG


)LJ(QHUJ\SDWKZD\IRUDR[\JHQPROHFXOHGLVVRFLDWLRQRQJUDLQVXUIDFHDQGDWJUDLQ
ERXQGDU\7\SLFDOFRQILJXUDWLRQVVDPSOHGDORQJWKHSDWKZD\>DHIRUJUDLQVXUIDFHIM
IRUJUDLQERXQGDU\@DUHVKRZQLQERWWRPSDQHOV7KHV\VWHPHQHUJ\DWWKHLQLWLDOVWDWH>D
DQGI@LVWDNHQDVDUHIHUHQFHYDOXH
1H[WWKHGLVVRFLDWLRQSURFHVVRIDVLQJOHR[\JHQPROHFXOHDWJUDLQERXQGDU\DQGRQJUDLQVXUIDFHLVH[DPLQHG
ODEHOHGZLWK$DQG%LQ)LJEDQG)LJFUHVSHFWLYHO\)LJSUHVHQWVWKHUHOHYDQWHQHUJ\EDUULHUDQGHQHUJ\
SDWK RI D VLQJOH2 GLVVRFLDWLRQ ,Q WKH LQLWLDO VWDWH >)LJ D I@ WKH22ERQG OHQJWK LV QHDUO\ WKH VDPH DQG
UHDFKHVDERXWcLQERWKFDVHV$V WKHR[\JHQPROHFXOHPRYHV WR WKH LQWHUPHGLDWHSUHFXUVRUVWDWH>)LJE
J@WKHHQHUJ\LQFUHDVHVVOLJKWO\7KHQLQWKHWUDQVLWLRQVWDWH>)LJFK@ERWKWKH22GLVWDQFHVDUHDERXW
c)RU%WKHV\VWHPHQHUJ\LQFUHDVHVVKDUSO\WRH9ZKLFKLVKLJKHUWKDQWKHLQLWLDOFRQILJXUDWLRQLQGLFDWLQJD
EDUULHURIH9IRUVLQJOHR[\JHQPROHFXOHGLVVRFLDWLRQ)RU$WKHGLVVRFLDWLRQEDUULHULVPXFKVPDOOHUZLWK
H9 7KH FDOFXODWHG GLVVRFLDWLRQ EDUULHUV RI R[\JHQPROHFXOH DUH LQ JRRG DJUHHPHQWZLWK WKH H[LVWLQJ WKHRUHWLFDO
VWXGLHV >@ H9 a  H9 $IWHU GLVVRFLDWLRQ WKH 22 ERQG LV EURNHQ DQG WKH V\VWHP HQHUJ\ GHFUHDVHV
JUDGXDOO\7KLVLQGLFDWHVWKDWR[\JHQPROHFXOHLVPRUHOLNHO\WRGLVVRFLDWHDWWKHJUDLQERXQGDU\ZLWKORZHUDFWLYH
HQHUJ\EDUULHU&RPSDUHGZLWKWKHSUHYLRXVO\FDOFXODWHG2GLIIXVLRQHQHUJ\RIH9RQJUDLQVXUIDFH WKH2
GLVVRFLDWLRQ HQHUJ\ LV UHODWLYHO\ KLJK 2Q WKH FRQWUDU\ WKH2 GLVVRFLDWLRQ LVPXFKPRUH IDYRUDEOHZLWK KLJKHU
GLIIXVLRQEDUULHUDWWKHJUDLQERXQGDU\7KXVWKHUHDUHRQO\DIHZR[\JHQPROHFXOHVGLVVRFLDWLQJDWVLWHVRQJUDLQ
VXUIDFH ,QDGGLWLRQZH ILQG WKDW WKH VXEVWUDWHDWRPVEHFRPHD OLWWOHGLVRUGHUHGDW WKH VLWHZKHUH WKHGLVVRFLDWLRQ
RFFXUVIRU%RQJUDLQVXUIDFH,WVHHPVWKDWWKHDWRPVWUXFWXUHKDVDQHIIHFWRQ2GLVVRFLDWLRQ
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
)LJ5DGLDOGLVWULEXWLRQIXQFWLRQREWDLQHGIRUJUDLQLQWHULRUDQGJUDLQERXQGDU\
,WKDVEHHQZLGHO\UHFRJQL]HGWKDWWKHDUUDQJHPHQWRIDWRPVLVPXFKGLIIHUHQWDWJUDLQERXQGDU\$QGZHIXUWKHU
VWXG\WKHDWRPLFVWUXFWXUHDQGHQHUJ\WRXQFRYHUGLVWLQFWGLIIXVLRQDQGGLVVRFLDWLRQEHKDYLRUVEHWZHHQJUDLQLQWHULRU
DQGJUDLQERXQGDU\)LJVKRZVWKHUDGLDOGLVWULEXWLRQIXQFWLRQVFRPSXWHGIRU WKRVHWZRYDULRXVVWUXFWXUHV7KH
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